Searching PAJ 

• o. « 


• • 

PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 1 1 -307472 
(43)Date of publication of application : 05.1 1 .1 999 


Page 1 of 1 


(51)Int.CI. 


H01L 21/265 




H01L 21/02 






H01L 27/12 





(21 Application number : 10-131350 (71 Applicant : SHIN ETSU HANDOTAI CO LTD 

(22)Date of filing : 23.04.1 998 (72)Inventor : INAZUKI SADAOMI 

AGA KOJI 

KOBAYASHI NORIHIRO 
MITANI KIYOSHI 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method for an SOI wafer in which a damage layer and a 
surface roughness which remain behind on SOI layer surface in hydrogen ion releasing method are removed 
without grinding, and film thickness uniformness of an SOI layer is made efficient, and also contrive to simplify a 
step. 

SOLUTION: This embodiment comprises a manufacturing method for an SOI wafer in which, after a coupling heat 
processing, a surface of an SOI layer is heated under a reduction atmosphere containing hydrogen without grinding 
the surface of the SOI layer in a manufacture for the SOI wafer by a hydrogen ion releasing method; and a 
manufacture for the SOI wafer in which, after a releasing heat processing, a surface of the SOI layer is heated 
under a reduction atmosphere containing hydrogen without grinding the surface of the SOI layer in the 
manufacture for the SOI wafer by the hydrogen ion releasing method; and the SOI wafer manufactured by these 
methods. 
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CLAIMS 



[Claim(s)] 

[Claim 1] How to manufacture the SOI wafer characterized by adding heat treatment under the reducing atmosphere 
which contains hydrogen, without grinding the front face of a SOI layer after heat-of-linkage processing in the approach 
of manufacturing a SOI wafer, by the hydrogen ion exfoliating method. 

[Claim 2] How to manufacture the SOI wafer characterized by adding heat treatment under the reducing atmosphere 
which contains hydrogen, without grinding the front face of a SOI layer after exfoliation heat treatment in the approach 
of manufacturing a SOI wafer, by the hydrogen ion exfoliating method. 

[Claim 3] How to manufacture the SOI wafer according to claim 1 or 2 characterized by performing heat treatment 
under the reducing atmosphere containing said hydrogen in the temperature requirement below the melting point of 
1000 degrees C - silicon for 6 or less hours. 

[Claim 4] How to manufacture the SOI wafer according to claim 1 or 2 characterized by performing heat treatment 
under the reducing atmosphere containing said hydrogen for 1 - 300 seconds in the temperature requirement below the 
melting point of 1000 degrees C - silicon using rapid heating and quick cooling equipment. 
[Claim 5] How to manufacture the SOI wafer characterized by using the bond wafer to be used as CZ wafer in the 
approach of manufacturing a SOI wafer according to claim 4. 

[Claim 6] How to manufacture the SOI wafer of a publication in any 1 term of claim 1 characterized by performing heat 
treatment under the reducing atmosphere containing said hydrogen in 100% ambient atmosphere of hydrogen, or the 
mixed ambient atmosphere of hydrogen and an argon thru/or claim 5. 

[Claim 7] The SOI wafer characterized by being manufactured by the approach given in any 1 term of said claim 1 
thru/or claim 6. 

[Claim 8] The thickness homogeneity of a SOI layer is **3nm or less, and, for the surface roughness of a SOI layer, the 
surface defect density of a SOI layer is 103 at 0.3nm or less in an RMS value. An individual / cm2 SOI wafer 
characterized by being the following. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of attaining simplification of a process while removing 
the damage layer and surface roughness which remain on a SOI layer after exfoliation in the so-called hydrogen ion 
exfoliating method (called the smart cutting method) for exfoliating after combining the wafer which carried out the ion 
implantation, and manufacturing a SOI (silicon on insulator) wafer. 
[0002] 

[Description of the Prior Art] SIMOX (separation by implanted oxygen) which heat-treats at an elevated temperature 
and forms an oxide film after driving oxygen ion into a silicon single crystal by high concentration as a method of 
producing the wafer of SOI structure conventionally - they are what is depended on law, and the technique in which the 
joining-together method which combines two silicon wafers which carried out mirror polishing, without using 
adhesives, and thin-film-izes wafer of one of the two attracts attention. 

[0003] SIMOX - since law can determine and control the thickness of the SOI layer used as a device active region by 
acceleration voltage at the time of oxygen ion implantation - a thin layer - and although there is an advantage which 
can obtain the high SOI layer of thickness homogeneity easily, the dependability of an embedding oxide film, the 
crystallinity of a SOI layer, and heat treatment at the temperature of 1300 degrees C or more are required - etc. — there 
are many problems. 

[0004] On the other hand, the wafer joining-together method forms an oxide film at least in one side between two 
silicon mirror plane wafers of a single crystal. Join without using adhesives and association is strengthened with 
subsequently adding heat treatment (usually 1 100 degrees C - 1200 degrees C). Since mirror polishing of the front face 
of a thin film is carried out and a SOI layer is formed after thin-film-izing wafer of one of the two by grinding or wet 
etching after that, there is an advantage that the dependability of an embedding oxide film is high and the crystallinity of 
a SOI layer is also good. 

[0005] However, since it has thin-film-ized by mechanical processing, there is a fault that there is a limitation also in the 
thickness of the SOI layer which thin-film-izing takes serious time amount upwards, and is obtained in the grinding and 
polish by machining, and its homogeneity. 

[0006] Moreover, although CZ wafer by which the silicon wafer used in the joining-together method was produced with 
the Czochrlski method (CZ process) is used in many cases, it has become clear that the crystal defect called COP 
(Crystal Originated Particle) introduced into this CZ wafer at the time of crystal growth exists in recent years. 
Therefore, it has turned out that COP exists also in a SOI layer if CZ wafer is used for the bond wafer used as a device 
barrier layer, and COP penetrates a SOI layer, forms a pinhole and worsens an electrical property remarkably in the 
ultra-thin SOI layer demanded in recent years. 

[0007] On the other hand, after growing up an epitaxial layer into CZ wafer, for example, the approach of combining 

this epitaxial layer side, and carrying out grinding and polish of the silicon wafer which serves as a pedestal after that, 

thin-film-izing it, and using an epitaxial layer as a SOI layer is proposed (refer to JP,7-254689,A). By this approach, 

although crystal defects, such as said COP, can be extinguished certainly, in order to obtain a SOI layer by the grinding 

and polish by machining, a problem arises in thickness and its homogeneity like the above-mentioned. 

[0008] Moreover, since oxygen is hardly contained in FZ wafer also when FZ wafer is used, the defect resulting from 

oxygen and the problem of said COP are lost. However, since the grinding and polish by machining are required in 

order to obtain a SOI layer, there is no change in a problem arising in thickness and its homogeneity. 

[0009] in addition, not only when the above-mentioned wafer joining-together method combines silicon wafers, but a 

silicon wafer, Si02 and SiC, and aluminum 203 etc. - it may couple directly with an insulating wafer and a SOI layer 
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may be formed 

[0010] The approach (the hydrogen-ion exfoliating method: technique called the smart cutting method) of exfoliating 
after, combining the wafer which carried out the ion implantation as the manufacture approach of a SOI wafer on the 
other hand recently, and manufacturing a SOI wafer is newly beginning to attract attention. While this approach forms 
an oxide film at least in one side among two silicon wafers At least one side is poured in among a hydrogen ion or rare 
gas ion from the top face of one silicon wafer. After making a minute air-bubbles layer (enclosure layer) form in the 
interior of this wafer, the field of the direction which poured in this ion is stuck with the silicon wafer of another side 
through an oxide film. It is the technique (refer to JP,5-21 1 128,A) which adds the postheat treatment (exfoliation heat 
treatment), exfoliates one wafer in the shape of a thin film by making a minute air-bubbles layer into a cleavage plane, 
adds heat treatment (heat-of-linkage processing) further, combines firmly, and is used as a SOI wafer. By this approach, 
a cleavage plane is a good mirror plane and the SOI wafer also with the high homogeneity of the thickness of a SOI 
layer is obtained comparatively easily. 

[001 1] and not only when combining silicon wafers also in this hydrogen ion exfoliating method, but a silicon wafer - 
an ion implantation - carrying out - this, Si02 and SiC, and aluminum 203 etc. - it may couple directly with an 
insulating wafer and a SOI layer may be formed 
[0012] 

[Problem(s) to be Solved by the Invention] When producing a SOI wafer by such hydrogen ion exfoliating method, the 
damage layer by the ion implantation exists in the SOI wafer front face after exfoliation, and surface roughness will 
become large on it. Therefore, by the hydrogen ion exfoliating method, in order to remove such a damage layer and 
surface roughness, very few mirror-polishing processes of the polish cost called a touch polish in the final process after 
heat-of-linkage processing are needed. 

[0013] Thus, if polish which is finally machining about a SOI layer is carried out, since the machining allowance of 
polish is not uniform, the problem said that the thickness homogeneity of the SOI layer attained by hydrogen ion 
impregnation and exfoliation will get worse will arise. Moreover, by carrying out mirror polishing, many processes are 
complicated after heat-of-linkage processing, and disadvantageous for it also in cost. 

[0014] Then, this invention was made in view of such a trouble, it is removed in the hydrogen ion exfoliating method, 
without grinding the damage layer and surface roughness which remain on a SOI layer front face after exfoliation, and 
while offering the approach of manufacturing the SOI wafer which made thickness homogeneity of a SOI layer good, it 
aims at attaining simplification of a process. 
[0015] 

[Means for Solving the Problem] Invention indicated to claim 1 of this invention in order to solve the above-mentioned 
technical problem is the approach of manufacturing the SOI wafer characterized by adding heat treatment under the 
reducing atmosphere containing hydrogen, without grinding the front face of a SOI layer after heat-of-linkage 
processing in the approach of manufacturing a SOI wafer, by the hydrogen ion exfoliating method. 
[0016] Thus, the damage layer and surface roughness which remain on a SOI layer front face are removable by adding 
heat treatment under the reducing atmosphere containing hydrogen after heat-of-linkage processing. Therefore, since it 
becomes unnecessary to carry out mechanical polish and thickness homogeneity is not worsened, the very quality SOI 
wafer holding the homogeneity of the thickness attained by the hydrogen ion exfoliating method can be manufactured. 
[0017] Moreover, invention indicated to claim 2 of this invention is the approach of manufacturing the SOI wafer 
characterized by adding heat treatment under the reducing atmosphere containing hydrogen, without grinding the front 
face of a SOI layer after exfoliation heat treatment in the approach of manufacturing a SOI wafer, by the hydrogen ion 
exfoliating method. 

[0018] Thus, while the damage layer and surface roughness which remain on a SOI layer front face by adding heat 
treatment under the reducing atmosphere which contains hydrogen after exfoliation heat treatment are removable, heat 
treatment under the reducing atmosphere containing this hydrogen shall be served also as heat-of-linkage processing. 
Therefore, since it also becomes unnecessary for it becoming unnecessary to carry out mechanical polish, and 
worsening thickness homogeneity to perform heat-of-linkage processing independently, the SOI wafer of high quality 
can be extremely manufactured at a simpler process by the hydrogen ion exfoliating method. 
[0019] Next, in invention indicated to claim 3 of this invention, it was made to perform heat treatment under the 
reducing atmosphere containing hydrogen in the temperature requirement below the melting point of 1000 degrees C - 
silicon for 6 or less hours. If elevated-temperature long time heat treatment of such conditions is carried out, the damage 
layer and surface roughness which are certainly shown in the front face of the SOI layer after exfoliation are removable. 
Moreover, heat treatment under the reducing atmosphere containing this hydrogen can be performed using the usual 
heat treating furnace. 
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[0020] Moreover, in invention indiored to claim 4 of this invention, it was iSre to perform heat treatment under the 
reducing atmosphere containing hydrogen in the temperature requirement below the melting point of 1000 degrees C - 
silicon for 1 - 300 seconds using rapid heating and quick cooling equipment. Thus, if heat treatment under the reducing 
atmosphere which uses rapid heating and quick cooling equipment for the SOI wafer after exfoliation, and contains 
hydrogen is performed, the damage layer and surface roughness of a SOI wafer front face are efficiently [ very ] 
improvable in a short time. 

[0021] And since COP in CZ wafer, then said SOI layer also sets the bond wafer to be used and it can improve in the 
approach of manufacturing a SOI wafer according to claim 4 as indicated to claim 5, it is desirable. 
[0022] Moreover, as indicated to claim 6 of this invention, it is desirable to perform heat treatment under the reducing 
atmosphere containing hydrogen in 100% ambient atmosphere of hydrogen or the mixed ambient atmosphere of 
hydrogen and an argon. A such heat treatment ambient atmosphere, then ** which improves the surface damage layer 
and the surface roughness of a SOI layer certainly are made. 

[0023] And according to such this invention approach, the SOI wafer of high quality can be obtained extremely that it is 
easy to be thickness homogeneity (claim 7). Especially like claim 8, the thickness homogeneity of a SOI layer is **3nm 
or less, and, for the surface roughness of a SOI layer, the surface defect density of a SOI layer is 103 at 0.3nm or less in 
an RMS value. An individual / cm2 The SOI wafer of the high quality that it is the following can be obtained. 
[0024] 

[Embodiment of the Invention] Although the gestalt of operation of this invention is explained hereafter, referring to a 
drawing, this invention is not limited to these. Here, drawing 1 is the flow Fig. showing an example of the production 
process of an approach which manufactures a SOI wafer by the hydrogen ion exfoliating method of this invention. 
[0025] Hereafter, this invention is explained focusing on the case where two silicon wafers are combined. First, in the 
hydrogen ion exfoliating method of drawing 1 , at a process (a), two silicon mirror plane wafers are prepared and the 
bond wafer 2 used as the base wafer 1 used as the pedestal suitable for the specification of a device and a SOI layer is 
prepared. 

[0026] Next, at a process (b), one [ at least ] wafer of them is oxidized thermally, the bond wafer 2 is oxidized thermally 
here, and the oxide film 3 of about 0. 1 micrometers - 2.0 micrometer thickness is formed in the front face. 
[0027] On the other hand, pour in a hydrogen ion at least here to one side of the bond wafer 2 which formed the oxide 
film in the front face at the process (c), the minute air-bubbles layer (enclosure layer) 4 parallel to a front face is made to 
form in the average penetration depth of ion among a hydrogen ion or rare gas ion, and this impregnation temperature 
has desirable 25-450 degrees C. 

[0028] A process (d) is a process which piles up and sticks the base wafer 1 to the hydrogen ion impregnation side of the 
bond wafer 2 which carried out hydrogen ion impregnation through an oxide film, and wafers paste it up by contacting 
the front faces of two wafers under the pure ambient atmosphere of ordinary temperature, without using adhesives etc. 
[0029] Next, a process (e) is an exfoliation heat treatment process divided into the exfoliation wafer 5 and the SOI wafer 
6 (SOI layer 7+ pad oxide film 3+ base wafer 1) by exfoliating bordering on the enclosure layer 4, for example, if heat 
treatment is added at the temperature of about 500 degrees C or more under an inert gas ambient atmosphere, it will be 
divided into the exfoliation wafer 5 and the SOI wafer 6 by the rearrangement of a crystal, and condensation of air 
bubbles. 

[0030] The approach of this invention of the process so far is the same as that of the conventional hydrogen ion 
exfoliating method. And this invention divides into an approach like after [ this exfoliation process ] claim 1, and an 
approach like claim 2. 

[0031] First, by the approach of claim 1, heat-of-linkage down stream processing is performed at a process (f) as usual 
after an exfoliation process. In the bonding strength of the wafers stuck by the adhesion process and exfoliation heat 
treatment process of said process (d) and (e), since this process is weak for using it at a device process as it is, as heat- 
of-linkage processing, it performs hot heat treatment to the SOI wafer 6, and makes bond strength sufficient thing. It is 
desirable to perform this heat treatment in 2 hours from 30 minutes at 1050 degrees C - 1200 degrees C for example, 
under an inert gas ambient atmosphere. 

[0032] And although the process of a touch polish is performed and the process which removes the damage layer and 
surface roughness which exist in the cleavage plane which is a front face of the SOI layer 7 is performed with a 
conventional method next, in this invention, in a process (g), heat treatment under the reducing atmosphere containing 
hydrogen is performed, and the damage layer and surface roughness of a SOI layer front face are removed. Thus, the 
damage layer and surface roughness which remain on a SOI layer front face can be removed after heat-of-linkage 
processing by adding heat treatment under the reducing atmosphere containing hydrogen, without grinding a SOI layer 
front face, without worsening thickness homogeneity. 
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[0033] On the other hand, by the abroach of claim 2 of this invention, heat trotment under the reducing atmosphere 

containing the hydrogen of a direct process (g) is performed after an exfoliation process, without [ without it performs 

independent heat-of-linkage down stream processing (f), and ] grinding the front face of a SOI layer. 

[0034] That is, while removing the damage layer and surface roughness which remain on a SOI layer front face by 

adding heat treatment under the reducing atmosphere which contains hydrogen immediately after exfoliation heat 

treatment, heat treatment under the reducing atmosphere containing this hydrogen shall be served also as heat-of-linkage 

processing. Therefore, since it also becomes unnecessary for it becoming unnecessary to carry out mechanical polish, 

and worsening thickness homogeneity to perform heat-of-linkage processing independently, it can consider as a simpler 

process and can contribute also to improvement in the productivity of a quality SOI wafer. 

[0035] The SOI wafer 6 of the high quality which crystal quality is high and has the high SOI layer 7 of thickness 

homogeneity through the above process can be manufactured (process (h)). 

[0036] And below the melting point of 1000 degrees C - silicon, heat treatment under the reducing atmosphere 
containing the hydrogen of the above processes (g) is a 1200 degrees C - 1350 degrees C temperature requirement, and 
it is more preferably desirable to carry out for 6 or less hours. If elevated-temperature long time heat treatment of such 
conditions is carried out, even if it uses the heat treating furnace of what kind of format, the damage layer and surface 
roughness in the front face of the SOI wafer which exfoliated certainly are removable. Although a damage layer and 
surface roughness can be improved especially efficiently and heat treatment time amount can be shortened with their 
being the elevated temperatures above 1200 degrees C, since the endurance of a furnace and the problem of wafer 
contamination may arise when it heat-treats exceeding 1350 degrees C, it is good to consider as the range of 1200 
degrees C - 1350 degrees C. 

[0037] Moreover, since time amount is taken in having used the usual heat treating furnace as mentioned above, in this 
invention, using rapid heating and quick cooling equipment, it is a temperature requirement below the melting point of 
1000 degrees C - silicon, and heat treatment under the reducing atmosphere containing hydrogen can be performed for 1 
- 300 seconds. Thus, if heat treatment under the reducing atmosphere which uses rapid heating and quick cooling 
equipment for the SOI wafer after exfoliation, and contains hydrogen is performed, the damage layer and surface 
roughness of a SOI wafer front face are efficiently [ very ] improvable in a short time. It is more effective to consider as 
a 1200-1 3 50-degree C temperature requirement like the above also in this case. 

[0038] In this case, especially the thing with the high need of performing heat treatment under the reducing atmosphere 
which contains hydrogen using rapid heating and quick cooling equipment is the case where the bond wafer to be used 
is used as CZ wafer. 

[0039] As for this, COP introduced into CZ wafer at the time of crystal manufacture exists as mentioned above. 
Therefore, when a SOI layer which is demanded in recent years is thin, this COP penetrates a SOI layer, exists and may 
form a pinhole. In such a case, it is because the problem referred to as passing along this pinhole, and reducibility gas 
invading, and returning the embedding oxide film 3 during heat treatment will arise if heat treatment under the reducing 
atmosphere containing hydrogen is performed over long duration. On the other hand, if it is rapid heating and quick 
cooling equipment, since it will end with short-time heat treatment extremely, it is also possible a thing which returns 
the above-mentioned embedding oxide film thru/or to double and remove COP in a SOI layer further. 
[0040] Since a problem which returns the above embedding oxide films is not produced on the other hand when the 
bond wafer to be used is used as an epitaxial wafer or FZ wafer, heat treatment under the reducing atmosphere which 
contains hydrogen using the usual furnace may be performed. However, it is more efficient to use rapid heating and 
quick cooling equipment, since there is no change in heat treatment of long duration being needed. 
[0041] Equipment like [ as rapid heating and equipment which can cool quickly ] the lamp heater by thermal radiation 
under the reducing atmosphere which contains hydrogen for such a SOI wafer used by this invention can be mentioned. 
Moreover, for example, the product made from AST and equipment like SHS-2800 can be mentioned as what is 
marketed, and these are not extraordinarily complicated and expensive. 

[0042] Here, rapid heating and an example of equipment which can cool quickly are shown under the reducing 
atmosphere which contains hydrogen for the SOI wafer used by this invention. Drawing 4 is rapid heating and the 
schematic diagram of equipment which can cool quickly. The thermal treatment equipment 20 of drawin g 4 has the bell 
jar 21 which consists of silicon carbide or a quartz, and heat-treats a wafer within this bell jar 21 . The heating heater 22 
and 22' which are arranged so that a bell jar 21 may be surrounded perform heating. This heating heater is divided in the 
vertical direction, and can control now the power supplied independently, respectively. Of course, a heating method is 
not limited to this and is good also as the so-called radiation heating and a high-frequency-heating method. The housing 
23 for covering heat is arranged on the outside of the heating heater 22 and 22\ 

[0043] Down the furnace, the water-cooled chamber 24 and the base plate 25 have been arranged, and atmospheric air is 
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blocked in a bell jar 2 1 . And the S^^afer 28 is held on a stage 27, and the 27 is attached in the upper limit of the 
support shaft 26 which can move up and down freely by the motor 29. Wafer insertion opening which is not illustrated 
[ which is constituted possible / closing motion / with a gate valve ] is prepared in the water-cooled chamber 24 so that a 
wafer can be taken in and out of a longitudinal direction in a furnace. Moreover, gas input and an exhaust port are 
established in the base plate 25, and the gas ambient atmosphere in a furnace can be adjusted now to it. 
[0044] Rapid heating and heat treatment which cools quickly are performed as follows under the reducing atmosphere 
containing hydrogen in a SOI wafer by the above thermal treatment equipments 20. First, by the heating heater 22 and 
22\ the inside of a bell jar 21 is heated to the request temperature below the melting point of 1000 degrees C - silicon, 
and is held to the temperature. If a supply voltage is controlled independently for each divided heating heater, 
temperature distribution can be given for the inside of a bell jar 21 along the height direction. Therefore, the location of 
insertion of a stage 27, i.e., the amount into the furnace of the support shaft 26, can determine the processing 
temperature of a wafer. A heat treatment ambient atmosphere is adjusted by introducing the reducibility gas which 
contains hydrogen from the gas input of a base plate. 

[0045] If the inside of a bell jar 21 is maintained at request temperature, with the non-illustrated wafer handling device 
which adjoins a thermal treatment equipment 20 and is arranged, a SOI wafer will be put in from insertion opening of 
the water-cooled chamber 24, and a wafer will be put for example, through a SiC boat on the stage 27 made to stand by 
in the lowest end position. Since water cooling of the water-cooled chamber 24 and the base plate 25 is carried out at 
this time, a wafer is not elevated-temperature-ized in this location. 

[0046] And if installation of a up to [ the stage 27 of a SOI wafer ] is completed, by inserting the support shaft 26 into a 
furnace by the motor 29 immediately, a stage 27 will be raised to the request temperature location below the melting 
point of 1000 degrees C - silicon, and elevated- temperature heat treatment will be added to the SOI wafer on a stage. In 
this case, since it takes only about 20 seconds, rapid heating of the SOI wafer will be carried out to migration from the 
stage lower limit location in the water-cooled chamber 24 to a request temperature location. 

[0047] And elevated-temperature heat treatment for the bottom stop time of a reducing atmosphere can be added to a 
SOI wafer by carrying out a predetermined time halt (1 - 300 seconds) of the stage 27 in a request temperature location. 
If predetermined time passes and elevated-temperature heat treatment is completed, by drawing out the support shaft 26 
out of a furnace by the motor 29 immediately, a stage 27 will be dropped and it will consider as the lower limit location 
in the water-cooled chamber 24. This downward actuation can also be performed in about 20 seconds. Since water 
cooling of the water-cooled chamber 24 and the base plate 25 is carried out, the SOI wafer on a stage 27 is cooled 
quickly. Finally, heat treatment is completed by taking out a SOI wafer with a wafer handling device. Since the 
temperature of a thermal treatment equipment 20 is not made to lower when there is a SOI wafer furthermore heat- 
treated, a wafer can be thrown in one after another and it can heat-treat continuously. 

[0048] In this case, as an ambient atmosphere of heat treatment under the reducing atmosphere containing the hydrogen 
of this invention, it can carry out in 100% ambient atmosphere of hydrogen, or the mixed ambient atmosphere of 
hydrogen and an argon. It is because ** which improves the damage layer of the front face of a SOI wafer and surface 
roughness certainly is made, without forming such a heat treatment ambient atmosphere, then a coat which serves as 
damage on a SOI wafer front face. 

[0049] Thus, by this invention approach, the SOI wafer of high quality can be obtained extremely that it is easy to be 
thickness homogeneity. In this invention, the thickness homogeneity of a SOI layer is **3nm or less especially, and, for 
the surface roughness of a SOI layer, the surface defect density of a SOI layer is 103 at 0.3nm or less in an RMS value. 
An individual / cm2 Each quality item that it is the following can obtain the SOI wafer of high quality. 
[0050] 

[Example] Although the example of this invention is given and being explained concretely hereafter, this invention is 
not limited to these. 

(Example 1) The conductivity type prepared two silicon mirror plane wafers 20 ohm-cm and whose diameters resistivity 
is 150mm with p mold. Among these, it decided to manufacture a SOI wafer by the hydrogen ion exfoliating method of 
this invention for having followed the process shown in drawing J (a) - (h), using one side as a bond wafer. 
[0051] First, according to (a) - (e) of drawing J. , the bond wafer was exfoliated and the SOI wafer 6 was obtained. At 
this time, thickness of a SOI layer was made into 0.4 microns, in addition the main conditions, such as an ion 
implantation, were carried out as follows. 

1) Pad oxide-film thickness : 400nm (0.4 microns) 2 hydrogen impregnation conditions: H+ Ion, impregnation energy 
lOOkeV Impregnation dosage 8xl016-/cm2 3 exfoliation heat-treatment conditions: N2 The bottom of a gas ambient 
atmosphere, 500 degree-Cx30 minute [0052] In this way, although the SOI wafer which has a SOI layer with a thickness 
of 0.4 microns was able to be obtained, when the surface roughness of the front face (stripped plane) of a SOI [ that 
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drawing 1 (e) has exfoliated ] wafe^was measured on the 1 -micron square b^me atomic force microscope method, it 
was an average of 7.4nm in the RMS value (square mean square root granularity), respectively. This value is a value of 
10 times or more of the surface roughness of the usual silicon wafer by which mirror polishing was carried out, and the 
front face of a SOI [ having exfoliated ] layer is understood that local ****** is large. 

[0053] Moreover, in order to investigate the depth of the damage layer of the stripped plane of a SOI [ that drawing 1 (e) 
has exfoliated ] wafer, etching by the KOH water solution was performed and the SOI wafer into which the amount of 
etching removal from a front face was changed was prepared. And after performing the four-step SEKOETCHINGU 
method indicated by H.Gassel and others (J. Electrochem.Soc, 140, pp 1713 and 1993) in these SOI wafers, microscope 
observation was carried out, and it measured by counting the pit consistency which exists in the front face. The amount 
of etching removal was set to 0, 50, and 100 or 150,200,250,300nm. The measurement result was shown in the curve a 
of draw„ing_2 . 

[0054] This drawing shows that a damage layer with a depth of about 150nm is shown in the front face of the SOI wafer 
immediately after exfoliation. In addition, it is thought that the pit observed in a place deeper than 150nm is the 
consistency of the crystal defect which exists in a bond wafer from the first. 

[0055] Moreover, the thickness of the SOI layer of a SOI [ that drawing ! (e) has exfoliated ] wafer was measured, and 
thickness homogeneity was searched for. Thickness measurement was performed by reflective spectroscopy and 
measured the inside of the field of a SOI wafer thousands of points in 1mm pitch except for 10mm from the periphery. 
The sigma (standard deviation) of measured value is 0.9nm, therefore thickness homogeneity (three sigmas) is **2.7nm, 
and it turned out that it is less than **3nm as it is bad. Therefore, it turned out that the thickness homogeneity of the SOI 
layer after exfoliation is very good. 

[0056] Next, heat-of-linkage processing was performed to the SOI wafer by drawing 1 (f). Heat-of-linkage processing 
conditions are N2. It considered as 2 hours at 1 100 degrees C under the gas ambient atmosphere, and the SOI layer was 
firmly combined with the bond wafer. 

[0057] Next, heat treatment under the reducing atmosphere which contains hydrogen by dmwing_l (g) using the rapid 
heating and. quick cooling equipment which showed the SOI wafer after heat-of-linkage processing to d rawin g 4 , 
without grinding was performed. Heat treatment conditions were set as for 30 seconds at 1200 degrees C under 100% 
ambient atmosphere of hydrogen. In addition, before heat treatment, washing before heat treatment was carried out so 
that a SOI wafer might not be polluted. This washing performed two-step washing of (the ammonia/hydrogen peroxide 
solution), and (a hydrochloric acid/hydrogen peroxide solution) widely known as the so-called RCA washing. 
[0058] And when the surface roughness of the SOI layer after heat treatment by rapid heating and quick cooling 
equipment was again measured on the 1 -micron square by the atomic force microscope method, with the RMS value 
(square mean square root granularity), it is an average of 0.25nm, and it was able to be certainly set to 0.3nm or less, 
respectively. This value is equivalent to the surface roughness of the usual silicon wafer by which mirror polishing was 
carried out, and it turns out that the improvement of remarkable surface roughness was achieved by heat treatment under 
the reducing atmosphere containing hydrogen. 

[0059] Moreover, in order to investigate the depth of the damage layer of the SOI wafer after heat treatment by rapid 
heating and quick cooling equipment, etching by the KOH water solution was performed and the SOI wafer into which 
the amount of etching removal from a front face was changed was prepared. And after performing the four-step 
SEKOETCHINGU method indicated by said H.Gassel and others in these SOI wafers, microscope observation was 
carried out, and it measured by counting the pit consistency which exists in the front face. The amount of etching 
removal was set to 0 or 50,100,150,200,300nm. The measurement result was shown in the curve b of drawing 2 . In 
spite of not grinding from this drawing in the front face of the SOI wafer after heat treatment under the reducing 
atmosphere containing hydrogen, it turns out that the damage layer is lost, namely, the surface defect density of a SOI 
layer - about 250 ~ piece/cm2 it is - the depth direction ~ this value - not changing - certain ~ 103 An individual / 
cm2 It turns out that it can consider as the following. 

[0060] Moreover, the thickness of the SOI layer of the SOI wafer after heat treatment under the reducing atmosphere 
containing hydrogen was measured by reflective spectroscopy like the above, and thickness homogeneity was searched 
for again. Consequently, the sigma of measured value was 0.9nm, therefore thickness homogeneity (three sigmas) was 
**2.7nm, and was the value same before performing heat treatment under the reducing atmosphere containing 
hydrogen. Therefore, it turned out by **3nm or less that the thickness homogeneity of the SOI layer of the SOI wafer 
produced by this invention is very good. 

[0061] (Example 2) Like the example 1 , according to (a) - (e) of drawin g 1 , the bond wafer was exfoliated and the SOI 
wafer 6 was obtained. At this time, thickness of a SOI layer was made into 0.4 microns, in addition also made the main 
conditions, such as an ion implantation, be the same as that of an example 1 . 
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[0062] In this way, although the S<^^afer which has a SOI layer with a thi^Rss of 0.4 microns was able to be 
obtained, when the surface roughness of the front face (stripped plane) of a SOI [ that drawing 1 (e) has exfoliated ] 
wafer was measured on the 1 -micron square by the atomic force microscope method, it was an average of 8.4nm in the 
RMS value (square mean square root granularity). 

[0063] Moreover, in order to investigate the depth of the damage layer of the stripped plane of a SOI [ that drawing 1 (e) 
has exfoliated ] wafer, etching by the KOH water solution was performed and the SOI wafer into which the amount of 
etching removal from a front face was changed was prepared. And when it measured by counting the pit consistency 
which carries out microscope observation and exists in the front face after performing the four-step SEKOETCHINGU 
method indicated by said H.Gassel and others in these SOI wafers, it was checked like the example 1 that there is a 
damage layer with a depth of about 150nm. 

[0064] Moreover, the thickness of the SOI layer of a SOI [ that drawing 1 (e) has exfoliated ] wafer was measured, and 
thickness homogeneity was searched for. Thickness measurement was performed by reflective spectroscopy and 
measured the inside of the field of a SOI wafer thousands of points in 1mm pitch except for 10mm from the periphery. 
The sigma of measured value is 0.9nm like an example 1, therefore thickness homogeneity (three sigmas) is **2.7nm, 
and it turned out that it is less than **3nm as it is bad. Therefore, it turned out that the thickness homogeneity of the SOI 
layer after exfoliation is very good. 

[0065] Next, heat-of-linkage processing of the SOI wafer of drawing 1 (f) was omitted, and heat treatment under the 
reducing atmosphere containing the hydrogen of drawing 1 (g) was performed to the SOI [ having exfoliated ] wafer as 
what serves also as heat-of-linkage processing using the rapid heating and quick cooling equipment shown in drawing 
4 . Heat treatment conditions were set as for 30 seconds at 1200 degrees C under 100% ambient atmosphere of 
hydrogen. In addition, before heat treatment, washing before heat treatment was carried out so that a SOI wafer might 
not be polluted. This washing performed two-step washing of (the ammonia/hydrogen peroxide solution), and (a 
hydrochloric acid/hydrogen peroxide solution) widely known as the so-called RCA washing. 
[0066] And when the surface roughness of the SOI layer after heat treatment by rapid heating and quick cooling 
equipment was again measured on the 1 -micron square by the atomic force microscope method, it was an average of 
0.26nm in the RMS value (square mean square root granularity), respectively. This value is equivalent to the surface 
roughness of the usual silicon wafer by which mirror polishing was carried out, and it turns out that the improvement of 
remarkable surface roughness was achieved by heat treatment under the reducing atmosphere containing hydrogen 
irrespective of the existence of heat-of-linkage processing. 

[0067] Moreover, in order to investigate the depth of the damage layer of the SOI wafer after heat treatment by rapid 
heating and quick cooling equipment, etching by the KOH water solution was performed and the SOI wafer into which 
the amount of etching removal from a front face was changed was prepared. And after performing the four-step 
SEKOETCHINGU method indicated by said H.Gassel and others in these SOI wafers, microscope observation was 
carried out, and it measured by counting the pit consistency which exists in the front face. When the amount of etching 
removal was measured as 0 or 50,100,150,200,300nm, in spite of having not ground, in the front face of a SOI wafer, it 
turned out like the example 1 that the damage layer is lost. 

[0068] Moreover, the thickness of the SOI layer of the SOI wafer after heat treatment under the reducing atmosphere 
containing hydrogen was measured by reflective spectroscopy like the above, and thickness homogeneity was searched 
for again. Consequently, the sigma of measured value was 0.9nm, therefore thickness homogeneity (three sigmas) was 
**2.7nm, and was the value same before performing heat treatment under the reducing atmosphere containing 
hydrogen. Therefore, it turned out by **3nm or less that the thickness homogeneity of the SOI layer of the SOI wafer 
produced by this invention is very good. 

[0069] On the other hand, the SOI wafer of this example 2 is usually N2. Although the bond strength of a SOI layer 
becomes anxious since the so-called heat-of-linkage processing performed under a gas ambient atmosphere in 1 100 
degree-Cx 2 etc. hours etc. is omitted independently Adhesives were used for the SOI layer and the front face of a base 
wafer, the fixture was attached, the place and SOI layer which performed the tensile strength trial of whether a SOI 
layer separates did not separate, and the direction of a fixture fractured previously, the breaking strength of a fixture - at 
least - 800 kg/cm2 it is . Therefore, when heat-treating under the reducing atmosphere which contains hydrogen using 
rapid heating and quick cooling equipment, the bond strength of a SOI layer was also found by that sufficient thing is 
obtained. 

[0070] (Example of a comparison) According to drawing 1 (a) - (f), the SOI wafer which performed heat-of-linkage 
processing after exfoliation by the hydrogen ion exfoliating method was obtained like the example 1. The touch polish 
was performed to this like a conventional method, and a surface damage layer and surface roughness were removed. At 
this time, the thickness of a SOI layer was measured by reflective spectroscopy like the above, and drawing_3 expressed 
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polish cost by the touch polish, and ^Rigma of a thickness measure 

value. 



[0071] If this drawing is seen, by grinding shows that the thickness homogeneity of a SOI layer gets worse remarkably 
so that clearly. Removal of no less than 1 50nm required in order to remove a surface damage layer especially worsens 
thickness homogeneity remarkably. 

[0072] In addition, this invention is not limited to the above-mentioned operation gestalt. The above-mentioned 
operation gestalt is instantiation, and no matter it may be what thing which has the same configuration substantially with 
the technical thought indicated by the claim of this invention, and does the same operation effectiveness so, it is 
included by the technical range of this invention. 

[0073] For example, although explained focusing on the case where combine two silicon wafers above and a SOI wafer 
is produced, it is not limited in this case and combines with an insulating wafer after an ion implantation to a silicon 
wafer, and naturally this invention can be applied, also when exfoliating a silicon wafer and manufacturing a SOI wafer. 

[0074] Moreover, it is not limited to what was shown in drawing 1 , and other processes, such as washing and heat 
treatment, may be added to this process, or exchange of the order of a process, an abbreviation, etc. can also perform the 
production process of the SOI wafer of this invention suitably according to the purpose a part. 
[0075] 

[Effect of the Invention] As explained above, since it is made to remove by performing heat treatment under the 
reducing atmosphere containing hydrogen, without grinding the damage layer and surface roughness which remain on a 
SOI layer front face after exfoliation, while the thickness homogeneity of a SOI layer can manufacture a very good SOI 
wafer, by this invention, simplification of a process can be attained in the hydrogen ion exfoliating method. Therefore, 
the SOI wafer of high quality can be extremely manufactured by low cost. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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